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US 8,840,522 B2 
1. 

VARATOR SWITCHINGVALVE SCHEME 
FORATORROIDAL TRACTION DRIVE 

TRANSMISION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 U.S.C. S 119(e) to 
U.S. Provisional Application Ser. No. 61/423,293, filed Dec. 
15, 2010, which is expressly incorporated by reference 
herein. 

TECHNICAL FIELD 

The present invention relates generally to torroidal traction 
drive automatic transmissions, and more specifically to sys 
tems and methods for Switching between directions of torque 
transmitted by a variator in Such a transmission. 

BACKGROUND 

Toroidal traction drive automatic transmissions may typi 
cally include a variator and one or more gear sets. Within each 
gear set, the variator may generally control a direction, e.g., 
positive or negative, and magnitude of torque transferred by a 
power plant to one or more loads. Structures and techniques 
for switching between directions of torque transmitted by the 
variator from the power plant to the one or more loads must 
therefore be designed and implemented. 

SUMMARY 

The present application discloses one or more of the fea 
tures recited in the appended claims and/or the following 
features which alone or in any combination, may comprise 
patentable Subject matter. 
An apparatus may control a variator having at least one 

roller between a first torroidal disk coupled to an input of an 
automatic transmission and a second torroidal disk coupled to 
an output of the transmission. The apparatus may comprise at 
least one actuator responsive to fluid pressure at separate high 
side and low side fluid inlets thereof to control torque applied 
by the at least one roller to the first and second torroidal disks, 
and first and second variator Switching valves each receiving 
a first fluid at a first pressure and a second fluid at a second 
pressure less than the first pressure. The first and second 
variator switching valves may together define four different 
operational states and Supply the first fluid to the high side 
fluid inlet of the at least one actuator and the second fluid to 
the low side fluid inlet of the at least one actuator during each 
of two of the four different operational states and supply the 
second fluid to the high side fluid inlet of the at least one 
actuator and the first fluid to the low side fluid inlet of the at 
least one actuator during each of the remaining two of the four 
different operational states. 

Each of the first and second variator Switching valves may 
define a stroked state and an opposite destroked state. The first 
and second variator Switching valves may supply the first 
fluid to the high side fluid inlet of the at least one actuator and 
the second fluid to the low side fluid inlet of the at least one 
actuator when the first and second variator Switching valves 
are both stroked and also when the first and second variator 
switching valves are both destroked. The first and second 
variator Switching valves may further Supply the second fluid 
to the high side fluid inlet of the at least one actuator and the 
first fluid to the low side fluid inlet of the at least one actuator 
when the first variator switching valve is stroked and the 
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2 
second variator Switching valve is destroked and also when 
the second variator switching valve is stroked and the first 
variator switching valve is destroked. Alternatively, the first 
and second variator Switching valves Supply the second fluid 
to the high side fluid inlet of the at least one actuator and the 
first fluid to the low side fluid inlet of the at least one actuator 
when the first and second variator switching valves are both 
stroked and when the first and second variator Switching 
valves are both destroked, and the first and second variator 
switching valves may supply the first fluid to the high side 
fluid inlet of the at least one actuator and the second fluid to 
the low side fluid inlet of the at least one actuator when the 
first variator Switching valve is stroked and the second varia 
tor Switching valve is destroked and also when the second 
variator switching valve is stroked and the first variator 
Switching valve is destroked. 
The at least one actuator may be responsive to fluid pres 

Sure at the high side fluid inlet being greater than fluid pres 
sure at the low side fluid inlet to control the at least one roller 
to transfer one of a positive and a negative torque to the first 
and second torroidal disks, and may be responsive to fluid 
pressure at the low side fluid inlet being greater than fluid 
pressure at the high side fluid inlet to control the at least one 
roller to transfer the other of the positive and negative torque 
to the first and second torroidal disks. 
The apparatus may further comprise a control circuit 

including a memory having instructions stored therein that 
are executable by the control circuit to control the first and 
second variator switching valves between the four different 
operational states. The first variator Switching valve may 
include a first actuator responsive to a first control signal to 
control the first variator switching valve to a stroked opera 
tional state and to a second control signal to control the first 
variator Switching valve to a destroked operational state. The 
second variator Switching valve may include a second actua 
torresponsive to a third control signal to control the second 
variator Switching valve to a stroked operational state and to 
a fourth control signal to control the second variator Switch 
ing valve to a destroked operational state. The control circuit 
may produce the first and second control signals according to 
the instructions stored in the memory. The first and second 
variator switching valves may supply the first fluid to the high 
side fluid inlet of the at least one actuator and the second fluid 
to the low side fluid inlet of the at least one actuator when the 
first and second variator switching valves are both in their 
stroked operational states and when the first and second varia 
tor switching valves are both in their destroked operational 
states. The at least one actuator may be responsive to fluid 
pressure at the high side fluid inlet being greater than fluid 
pressure at the low side fluid inlet to control the at least one 
roller to transfer one of a positive and a negative torque to the 
first and second torroidal disks, and the instructions stored in 
the memory may include instructions executable by the con 
trol circuit to produce the first and third control signals or the 
second and fourth signals to control the at least one roller to 
transfer the one of the positive and the negative torque to the 
first and second torroidal disks. The first and second variator 
switching valves may further supply the first fluid to the low 
side fluid inlet of the at least one actuator and the second fluid 
to the high side fluid inlet of the at least one actuator when one 
of the first and second variator Switching valves is in its 
stroked state and the other of the first and second variator 
Switching valves is in its destroked State. The at least one 
actuator may be responsive to fluid pressure at the low side 
fluid inlet being greater than fluid pressure at the high side 
fluid inlet to control the at least one roller to transfer one of a 
positive and a negative torque to the first and second torroidal 
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disks, and the instructions stored in the memory may include 
instructions executable by the control circuit to produce the 
first and fourth control signals or the second and third signals 
to control the at least one roller to transfer the one of the 
positive and the negative torque to the first and second torroi 
dal disks. 
The apparatus may further comprise a pressure sensor flu 

idly coupled to at least one of the first and second variator 
Switching valves such that the pressure sensorproduces a first 
sensor signal when the first and second variator Switching 
valves are in either of the two of the four different operational 
states and produces a second sensor signal when the first and 
second variator Switching valves are in either of the remaining 
two of the four different operational states. The pressure 
sensor may be electrically connected to the control circuit, 
and the instructions stored in the memory may include 
instructions executable by the control circuit to monitor 
operation of the pressure sensor and determine that the first 
and second variator Switching valves are Supplying the first 
fluid to the high side fluid inlet of the at least one actuator and 
the second fluid to the low side fluid inlet of the at least one 
actuator when the pressure sensor produces the first sensor 
signal and that the first and second variator Switching valves 
are supplying the second fluid to the high side fluid inlet of the 
at least one actuator and the first fluid to the low side fluid inlet 
of the at least one actuator when the pressure sensor produces 
the second sensor signal. 

The apparatus may further comprise means for Supplying 
the first fluid with the first fluid pressure being either constant 
or variable. 
The apparatus may further comprise means for supplying 

the second fluid with the second fluid pressure being exhaust. 
An apparatus may control a variator having at least one 

roller between a first torroidal disk coupled to an input of an 
automatic transmission and a second torroidal disk coupled to 
an output of the transmission. The apparatus may comprise at 
least one actuator responsive to fluid pressure at separate high 
side and low side fluid inlets thereof to control torque applied 
by the at least one roller to the first and second torroidal disks, 
and first and second variator Switching valves each receiving 
a first fluid at a first pressure and a second fluid at a second 
pressure less than the first pressure. The first and second 
variator switching valves may be controllable to supply the 
first and second fluids to the at least one actuator. A pressure 
sensor may be fluidly coupled to at least one of the first and 
second variator Switching valves. The pressure sensor may 
produce a first signal when the first and second variator 
Switching valves are Supplying the first fluid to the high side 
fluid inlet of the at least one actuator and the second fluid to 
the low side fluid inlet of the at least one and the pressure 
sensor producing a second signal different from the first sig 
nal when the first and second variator Switching valves are 
supplying the second fluid to the high side fluid inlet of the at 
least one actuator and the first fluid to the low side fluid inlet 
of the at least one actuator. 
The apparatus may further comprise a control circuit elec 

trically connected to the pressure sensor. The control circuit 
may include a memory having instructions stored therein 
executable by the control circuit to monitor operation of the 
pressure sensor and determine that the first and second varia 
tor Switching valves are Supplying the first fluid to the high 
side fluid inlet of the at least one actuator and the second fluid 
to the low side fluid inlet of the at least one actuator when the 
pressure sensor produces the first sensor signal and that the 
first and second variator Switching valves are Supplying the 
second fluid to the high side fluid inlet of the at least one 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
actuator and the first fluid to the low side fluid inlet of the at 
least one actuator when the pressure sensor produces the 
second sensor signal. 
The first and second variator Switching valves may 

together define four different operating states. The instruc 
tions stored in the memory may further include instructions 
executable by the control circuit to control the first and second 
variator switching valves between the four different opera 
tional states. The first and second variator Switching valves 
may be configured to supply the first fluid to the high side 
fluid inlet of the at least one actuator and the second fluid to 
the low side fluid inlet of the at least one actuator when the 
first and second variator switching valves are in either of two 
of the four different operating states and to Supply the second 
fluid to the high side fluid inlet of the at least one actuator and 
the first fluid to the low side fluid inlet of the at least one 
actuator when the first and second variator Switching valves 
are in either of the remaining two of the four different oper 
ating states. 
A method for controlling a variator having at least one 

roller between a first torroidal disk coupled to an input of an 
automatic transmission and a second torroidal disk coupled to 
an output of the transmission and at least one actuator respon 
sive to fluid pressure at separate high side and low side fluid 
inlets thereof to control torque applied by the at least one 
roller to the first and second torroidal disks. The method may 
comprise Supplying a first fluid at a first pressure and a second 
fluid at a second pressure less than the first pressure to first 
and second variator Switching valves, the first and second 
variator Switching valves each defining two different operat 
ing States Such that the first and second variator Switching 
valves together define four different operating states, Supply 
ing the first fluid to the high side fluid inlet of the at least one 
actuator and the second fluid to the low side fluid inlet of the 
at least one actuator when the first and second variator Switch 
ing valves are in either of two of the four different operational 
states, and Supplying the second fluid to the high side fluid 
inlet of the at least one actuator and the first fluid to the low 
side fluid inlet of the at least one actuator when the first and 
second variator Switching valves are in either of the remaining 
two of the four different operational states. 
The method may further comprise monitoring a pressure 

associated with at least one of the first and second variator 
Switching valves, and determining from the monitored pres 
sure whether the first and second variator switching valves are 
supplying the first fluid to the high side fluid inlet of the at 
least one actuator and the second fluid to the low side fluid 
inlet of the at least one actuator or are Supplying the second 
fluid to the high side fluid inlet of the at least one actuator and 
the first fluid to the low side fluid inlet of the at least one 
actuatOr. 

Additional features and advantages of the invention will 
become apparent to those skilled in the art upon consideration 
of the following detailed description of illustrated embodi 
ments exemplifying the best mode of carrying out the inven 
tion as presently perceived. 

DESCRIPTION OF THE DRAWINGS 

The systems and methods described herein are illustrated 
by way of example and not by way of limitation in the accom 
panying figures. For simplicity and clarity of illustration, 
elements illustrated in the FIGS. are not necessarily drawn to 
scale. For example, the dimensions of some elements may be 
exaggerated relative to other elements for clarity. Further, 
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where considered appropriate, reference labels have been 
repeated among the FIGS. to indicate corresponding or analo 
gous elements. 

FIG. 1 is a block diagram of one illustrative embodiment of 
a system for controlling operation of a toroidal traction drive 
automatic transmission. 

FIG. 2A is a diagram illustrating operation of one illustra 
tive embodiment of a variator that forms part of the toroidal 
traction drive automatic transmission illustrated in FIG. 1. 

FIG. 2B is a diagram further illustrating operation of the 
variator of FIG. 2A. 

FIG. 3 is a schematic diagram of one illustrative embodi 
ment of the electro-hydraulic control system that forms part 
of the toroidal traction drive automatic transmission illus 
trated in FIG. 1. 

FIG. 4 is a magnified view of the variator switching sub 
system of the electro-hydraulic control system illustrated in 
FIG. 3 showing one set of operating states of the two illus 
trated variator Switching valves. 

FIG. 5 is a view similar to that of FIG. 4 showing another 
set of operating states of the two illustrated variator Switching 
valves. 

FIG. 6 is another view similar to that of FIG. 4 showing yet 
another set of operating states of the two illustrated variator 
Switching valves. 

FIG. 7 is yet another view similar to that of FIG. 4 showing 
still another set of operating states of the two illustrated 
variator Switching valves. 

DETAILED DESCRIPTION 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to a 
number of illustrative embodiments shown in the attached 
drawings and specific language will be used to describe the 
SaC. 

While the concepts of the present disclosure are suscep 
tible to various modifications and alternative forms, specific 
exemplary embodiments thereofhave been shown by way of 
example in the drawings and will herein be described in 
detail. It should be understood, however, that there is no intent 
to limit the concepts of the present disclosure to the particular 
forms disclosed, but on the contrary, the intention is to cover 
all modifications, equivalents, and alternatives falling within 
the spirit and scope of the invention as defined by the 
appended claims. 

References in the specification to “one embodiment”, “an 
embodiment”, “an example embodiment’, etc., indicate that 
the embodiment described may include a particular feature, 
structure, or characteristic, but every embodiment may not 
necessarily include the particular feature, structure, or char 
acteristic. Moreover, Such phrases are not necessarily refer 
ring to the same embodiment. Further, when a particular 
feature, structure, or characteristic is described in connection 
with an embodiment, it is submitted that it is within the 
knowledge of one skilled in the art to effect such feature, 
structure, or characteristic in connection with other embodi 
ments whether or not explicitly described. 

Referring now to FIG. 1, a block diagram is shown of one 
illustrative embodiment of a system 10 for controlling opera 
tion of a toroidal traction drive automatic transmission 14. In 
the illustrated embodiment, a powerplant or energy center 12 
is coupled to an automatic transmission 14 Such that a rotat 
able output shaft 16 of the power plant 12 is coupled to a 
rotatable input shaft 18 of the transmission 14 in a conven 
tional manner. The input shaft 18 is coupled, in the illustrated 
embodiment, to a combination variator and gear set 20 that 
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6 
further includes a plurality of selectively engageable friction 
devices, e.g., one or more conventional, selectively engage 
able clutches or the like, and an output of the combination 
variator and gear set 20 is coupled to a rotatable output shaft 
22. The combination variator and gear set 20 is illustratively 
controlled by an electro-hydraulic control system 24, some of 
the details of which will be described in greater detail here 
inafter. 
The powerplant 12 is generally an apparatus that produces 

rotational drive power at the output shaft 16. Examples of the 
power plant 12 include, but should not be limited to, one or 
any combination of a one or more engines, such as an internal 
combustion engine of the spark ignited, compression ignition 
or other variety, a steam engine, or type of engine that pro 
duces mechanical energy from one or more other fuel 
Sources, one or more electrical generators, and the like. 
The combination variator and gear set 20 illustratively 

includes a conventional full-toroidal, traction-drive variator 
that is coupled to a conventional gear set. Referring to FIGS. 
2A and 2B, one illustrative embodiment of some of the struc 
tural features of such a full-toroidal, traction-drive variator 40 
is shown. In the illustrated embodiment, the variator 40 
includes a pair of opposing, toroidal-shaped disks 42 and 44 
that rotate independently of each other. For example, the disk 
42 is illustratively directly connected to the input shaft 18 of 
the transmission 14 such that the disk 42 is directly rotatably 
driven by the power plant 12. Alternatively, the disk 42 may 
be connected to the input shaft 18 of the transmission through 
one or more structures, e.g., one or more gear sets or other 
structures. For purposes of this disclosure, the term “coupled 
used to described the relationship between the disk 42 and the 
input shaft 18 of the transmission is defined as either a direct 
connection, i.e., engagement, between the disk 42 and the 
input shaft 18 of the transmission 14 or an indirect connection 
between the disk 42 and the input shaft 18 of the transmission 
14 through one or more structures interposed between the 
disk 42 and the input shaft 18 of the transmission 14. Illus 
tratively, the disk 44 is rigidly coupled to an output shaft 46 of 
the variator 40, and is rotatably coupled to the shaft 18 such 
that the disk 44 rotates freely about the shaft 18. The output 
shaft 46 of the variator 40 is coupled directly, or indirectly 
through one or more transmission gears, to the output shaft 22 
of the transmission 14 such that output shaft 46 of the variator 
40 drives one or more wheels of a vehicle (not shown) carry 
ing the power plant 12 and transmission 14. 
A number of rollers 48 are illustratively positioned 

between opposing inner, arcuate-shaped Surfaces, e.g., con 
cave surfaces, of the disks 42 and 44, and a traction fluid (not 
shown) is disposed between the rolling Surface of each Such 
roller 48 and the inner surfaces of the disks 42 and 44. In the 
illustrated embodiment, the rolling surfaces of the various 
rollers 48 therefore do not contact, in a structural sense, the 
inner surface of either disk 42, 44; rather torque is transmitted 
by the various rollers 48 between the two disks 42, 44 via the 
traction fluid. It is because torque is transferred between the 
two disks 42, 44 via the traction fluid and not via structural 
contact between the rolling surfaces of the rollers 48 and the 
arcuate inner surfaces of the disks 42, 44 that the variator is 
referred to as a traction-drive apparatus. 

In the embodiment illustrated in FIGS. 2A and 2B, two 
such rollers 48 and 48, are shown operatively positioned 
between the opposing inner Surfaces of the two disks 42, 44. 
A roller actuator 50, e.g., in the form of a conventional 
hydraulically actuated piston, is coupled to the roller 48 via 
a bracket 52, and another roller actuator 50, e.g., in the form 
of another conventional hydraulically actuated piston, is 
coupled to the roller 48 via a bracket 52. It will be under 



US 8,840,522 B2 
7 

stood that the brackets 52 and 52 do not represent rotatable 
shafts about which the rollers 48 and 48 may be rotatably 
driven. Rather, the brackets 52 and 52 represent structures 
about which the rollers 48 and 48 rotate. In one actual 
implementation, for example, the brackets 52 and 52 are 
configured to attach to the central hub of the rollers 48 and 
48 on either side thereof such that the brackets 52 and 52. 
and actuators 50 and 50 would extend generally perpen 
dicular to the page illustrating FIGS. 2A and 2B. 
The hydraulically controlled actuators 50 and 50 are each 

illustratively controllable by selectively controlling a high 
side hydraulic pressure applied to one side of the actuators 
50 and 50 and a low-side hydraulic pressure applied to the 
opposite side of the actuators 50 and 50. Traction force 
generated by the net hydraulic pressure, i.e., the difference 
between the applied high and low side hydraulic pressures, is 
transmitted by the rollers 48, and 48 to the two disks 42, 44 
via the traction fluid, and this applied traction force defines 
the torque transmitted between the two disks 42, 44. Thus, a 
direct relationship exists between the net hydraulic pressure 
applied to the actuators 50 and 50 and the magnitude of the 
torque transmitted between the two disks 42, 44. Each roller 
48 and 48 moves and precesses to the location and tilt angle 
relative to the disks 42, 44 required to transmit the torque to 
the disks 42, 44 defined by the net hydraulic pressure applied 
to the hydraulic actuators 50 and 50. A difference in the 
magnitude of the net hydraulic pressure applied to the actua 
tors 50 and 50 changes the torque transmitted to the output 
shaft. The direction of the torque applied by the rollers 48 
and 48 to the two disks 42, 44, is determined by the relative 
magnitudes of the high and low side pressures applied to the 
actuators 50 and 50. In one illustrative embodiment, for 
example, the rollers 48 and 48 apply a positive torque to the 
two disks 42, 44 if the high side hydraulic pressure is greater 
than the low side hydraulic pressure, and the rollers 48 and 
48 conversely apply a negative torque to the two disks if the 
low side pressure is greater than the high side hydraulic 
pressure. In alternative embodiments, the rollers 48 and 48. 
may apply a positive torque to the two disks 42, 44 if the low 
side hydraulic pressure is greater than the high side hydraulic 
pressure, and the rollers 48 and 48 may conversely apply a 
negative torque to the two disks if the high side pressure is 
greater than the low side hydraulic pressure. In any case, the 
rollers 48 and 48 are free-castoring, and are responsive to 
the actuators 50 and 50 to seek a position that provides the 
correct ratio match of engine and drive train speeds based on 
input energy equaling output energy. 

In one illustrative implementation, the variator 40 includes 
two sets or pairs of disks 42 and 44, with the pairs of the disks 
42 rigidly coupled to each other and with the pairs of the disks 
44 also rigidly coupled to each other, such that the embodi 
ment illustrated in FIGS. 2A and 2B represents one-half of 
Such an implementation. In this illustrative implementation, 
three rollers are positioned between each opposing set of 
disks 42, 44 for a total of six rollers 48-48 and six corre 
sponding hydraulically controlled actuators 50-50. It will 
be understood, however, that this particular implementation 
of the variator 40 is shown and described only by way of 
example, and that other embodiments of the variator 40 that 
include more or fewer pairs of disks 42, 44, that include more 
or fewer rollers 48 and hydraulically controlled actuators 50. 
and/or that are configured to be only partially toroidal in 
shape, may alternatively be used. It will further be understood 
that while the operation of the variator 40 is illustrated and 
described herein as being generally hydraulically controlled, 
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8 
this disclosure contemplates embodiments in which opera 
tion of the variator 40 is controlled via purely electronic or 
electro-mechanical structures. 

Referring again to FIG. 1, the gear set within the combi 
nation variator and gear set 20 illustratively includes one or 
more conventional planetary gear set(s) and/or other gear 
set(s) that define(s) at least two automatically selectable gear 
ratios and that is coupled to, or integrated with, the variator, 
e.g., the variator 40 illustrated and described with respect to 
FIG. 2. The combination variator and gear set 20 further 
illustratively includes a number of conventional friction 
devices, e.g., clutches, which may be selectively controlled to 
thereby control shifting of the transmission 14 between the 
two or more gear ratios. In alternate embodiments, the gear 
set may include more than one planetary gear set, one or more 
planetary gear sets in combination with one or more other 
conventional gear sets, or exclusively one or more non-plan 
etary gear sets. 

In the example embodiment illustrated in FIG. 1, the trans 
mission 14 includes three friction devices, e.g., in the form of 
three conventional clutches C1, C2 and C3. In this embodi 
ment, each clutch C1, C2 and C3 is operated in a conventional 
manner, e.g., via fluid pressure, under the control of the elec 
tro-hydraulic control system 24. In this regard, a fluid path 
25 is fluidly coupled between the electro-hydraulic control 
system 24 and the clutch C1, a fluid path 25 is fluidly coupled 
between the electro-hydraulic control system 24 and the 
clutch C2, and a fluid path 25, is fluidly coupled between the 
electro-hydraulic control system 24 and the clutch C3. The 
electro-hydraulic control system 24 is operable to control 
operation of the clutches C1-C3 by controlling fluid pressure 
within the fluid paths 25-25 respectively. 
The gear set and the clutches C1, C2 and C3 are illustra 

tively arranged to provide four separate modes of operation of 
the transmission 14, and the various operating modes of the 
transmission 14 are selectively controlled by the operation of 
the clutches C1, C2 and C3. In a first operating mode, M1, for 
example, the clutch C1 is applied, e.g., engaged, while the 
clutches C2 and C3 are released, e.g., disengaged, and in this 
mode forward or reverse launch can be accomplished, and the 
vehicle carrying the transmission 14 can be operated at 
vehicle speeds up to about 10 miles per hour. In a second 
operating mode, M2, as another example, the clutch C2 is 
engaged while the clutches C1 and C3 are disengaged, and in 
this mode the vehicle can be operated at vehicle speeds in the 
range of about 10-30 miles per hour. In a third operating 
mode, M3, as yet another example, the clutch C3 is engaged 
while the clutches C1 and C2 are disengaged, and in this mode 
the vehicle can be operated at vehicle speeds greater than 
about 30 miles per hour. In a fourth mode, M0, as a final 
example, the clutches C1, C2 and C3 are all disengaged, and 
in this mode the transmission 14 is in neutral. Within each 
operating mode, torque applied to the output shaft 22 of the 
transmission 14 is controlled by the variator, e.g., the variator 
40. In the transitional states between the various operating 
modes M1, M2 and M3, the variator torque is illustratively 
reversed to assist transitions from one operating mode to the 
neXt. 

The system 10 further includes a transmission control cir 
cuit 30 that controls and manages the overall operation of the 
transmission 14. The transmission control circuit 30 includes 
a number, M, of operating parameter inputs, OP-OP, that 
are electrically connected to corresponding operating param 
eter sensors included within the electro-hydraulic control 
system 24 via corresponding signal paths 26-26 wherein 
M may be any positive integer. The one or more operating 
parameter sensors included within the electro-hydraulic con 
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trol system 24, examples of which will be described herein 
after, produce corresponding operating parameter signals on 
the signal paths 26-26, which are received by the transmis 
sion control circuit 30. The transmission 14 further includes a 
number, N, of electrically controllable actuators included 
within the electro-hydraulic control system 24 that are each 
electrically connected to different one of a corresponding 
number of actuator control outputs, AC-AC of the trans 
mission control circuit 30 via corresponding signal paths 
28-28 wherein N may be any positive integer. The one or 
more electrically controllable actuators included within the 
electro-hydraulic control system 24, examples of which will 
be described hereinafter, are responsive to actuator control 
signals produced by the transmission control circuit 30 on the 
corresponding signal paths 28-28 to control various opera 
tional features of the transmission 14. 

Illustratively, the transmission control circuit 30 is micro 
processor-based, and includes a memory unit 32 having 
instructions stored therein that are executable by the control 
circuit 30 to control operation of the transmission 14 gener 
ally, and more specifically to control operation of the electro 
hydraulic control system 24. It will be understood, however, 
that this disclosure contemplates other embodiments in which 
the transmission control circuit 30 is not microprocessor 
based, but is configured to control operation of the transmis 
sion 14 generally and operation of the electro-hydraulic sys 
tem 24 more specifically, based on one or more sets of 
hardwired instructions and/or software instructions stored in 
the memory unit 32. 

Referring now to FIG. 3, a schematic diagram is shown of 
one illustrative embodiment of the electro-hydraulic control 
system 24 of FIG.1. In the illustrated embodiment, the elec 
tro-hydraulic control system 24 is roughly divided into sepa 
rate control sections; a variator control section 56 comprising 
a variator trim control sub-system 56A, a variator actuator 
sub-system 56B and a variator switching sub-system 56C, a 
clutch control section 58, and a clutch and variator pressure 
control section 98. 

Referring specifically to the clutch and variator pressure 
control section 98, a conventional fluid pump 60 is configured 
to Supply transmission fluid, e.g., conventional transmission 
oil, to the variator trim control section 56A, the variator 
switching and fault detection section 56C and to the clutch 
control section 58 from a source 64 of transmission fluid, e.g., 
a conventional transmission Sump 64. In one illustrative 
embodiment, the fluid pump 60 is a conventional positive 
displacement pump that is driven by the drive shaft 16 of the 
engine 12 via the input shaft 18 of the transmission 14, and is 
sized and configured to Supply pressurized fluid from the 
Sump 64 to a number of friction control devices, e.g., clutches, 
and to the variator. In the illustrated embodiment, a fluid inlet 
of the fluid pump 60 is fluidly coupled to the Sump 64 via a 
fluid passageway 62. A fluid outlet of the pump 60 is fluidly 
coupled via a clutch main fluid passageway 65 to a fluid port 
and end of a dual pump pressure regulator valve 190, to a fluid 
outlet of a check ball valve 101, to a fluid inlet of a variator 
trim valve 70, to a fluid port of a variator pressure multiplex 
valve 220, to a control main fluid passageway 104 via a 
conventional flow reducer, to a fluid port of a conventional 
main pressure regulator valve 180 and a fluid inlet of a main 
clutch pressure relief valve 186, and to fluid ports of two trim 
valves 152 and 154 included in the clutch control section 158. 
The clutch and variator pressure control section 98 further 
includes another conventional fluid pump 100 configured to 
Supply transmission fluid, e.g., conventional transmission oil, 
to the dual pump pressure regulator valve 190 and, under 
some operating conditions, to the fluid path 65 to thereby 
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10 
supplement the supply of fluid by the fluid pump 60. In one 
illustrative embodiment, the fluid pump 100 is a conventional 
positive-displacement pump that is driven by the drive shaft 
16 of the engine 12 via the input shaft 18 of the transmission 
14, and is sized and configured to Supply pressurized fluid to 
a conventional transmission lubrication system. In the illus 
trated embodiment, a fluid inlet of the fluid pump 100 is 
fluidly coupled to the sump 64 via the fluid passageway 62. A 
fluid outlet of the pump 100 is fluidly coupled via a fluid 
cooler/lube fluid passageway 102 to a fluid port of the dual 
pump pressure regulator valve 190 and to a fluid inlet of the 
checkball valve 101. Under some operating conditions of the 
electro-hydraulic control system 24, the dual pump pressure 
regulator valve 190 directs fluid supplied by the fluid pump 
100 to a conventional cooler and lubrication sub-system 160 
of the transmission 14 via a fluid path 162. In the illustrated 
embodiment, the fluid path 162 is fluidly coupled to a fluid 
inlet of a cooler relief valve 164 and to a fluid inlet of a 
conventional cooler 166. A fluid outlet of the cooler 166 is 
fluidly coupled through a fluid filter 168 to a fluid port and end 
of a gear lubrication regulator valve 170 and to gear lubrica 
tion and variator lubrication passageways 172 and 174 
respectively. Further details relating to the structure and 
operation of the clutch and variator pressure control section 
98 generally, and to the structure and operation of the dual 
pump pressure regulator valve 190 in particular, are described 
in co-pending U.S. Patent Application Ser. No. 61/423.296, 
the disclosure of which is incorporated herein by reference in 
its entirety. 
The control main fluid passageway 104 is fluidly coupled 

to fluid inlets and fluid ports of the control main pressure 
regulator valve 180 and a conventional control main pressure 
relief valve 182, to a fluid inlet of a conventional control main 
pressure accumulator valve 184, to control main inputs of 
actuators 154, 158, 164, 168, 85 and 87 and to fluid ports of 
valves 152, 154, 162, 96, 82, 88 and 76. The control main 
passageway 104 Supplies control main fluid to the foregoing 
actuators and valves. 

Referring now to the variator trim control sub-system 56A 
of the variator control section 56, a variator main fluid pas 
sageway 68 is fed, under certain operating conditions as 
described in detail in co-pending U.S. Patent Application Ser. 
No. 61/423,296, by the clutch main fluid passageway 65 via 
the dual pump pressure regulator valve 190. The variator main 
fluid passageway 68 is fluidly coupled to a fluid inlet of a 
variator trim valve 72 and to one end of a variator fault valve 
76. The variator trim valve 72 includes an actuator 84 that is 
electrically connected to the transmission control circuit 30 
via a signal path 28. Another fluid inlet of the variator trim 
valve 72 is fluidly coupled to exhaust, and a fluid outlet of the 
variator trim valve 72 is fluidly coupled to an end of the 
variator fault valve 76 opposite the end to which the variator 
main fluid passageway is coupled, and is also fluidly coupled 
through a conventional mode damper 118, to a fluid port of 
the variator pressure multiplex valve 220. Another variator 
trim valve 70 includes an actuator 74 that is electrically con 
nected to the transmission control circuit 30 via a signal path 
28. One fluid inlet of the variator trim valve 70 is fluidly 
coupled to the clutch main fluid passageway 65. Another fluid 
inlet of the variator trim valve 70 is fluidly coupled to exhaust, 
and a fluid outlet of the variator trim valve 70 is fluidly 
coupled to another fluid port of the variator pressure multi 
plex valve 220. The actuators 74 and 84 are illustratively 
conventional electronically actuated Solenoids, and the trim 
valves 70 and 72 are illustratively variable-bleed valves that 
Supply variable-pressure transmission fluid based on control 
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signals produced by the transmission control circuit 30 on the 
signal paths 28 and 28 respectively. 

Under normal operating conditions, the variator pressure 
multiplex valve 220 routes variator main fluid from the outlet 
of the mode damper 118 to the variator switching sub-system 
56C and routes the fluid outlet of the variator trim valve 70 to 
an end chamber of the dual pump pressure regulator valve 190 
Such that under Such normal operating conditions the variator 
trim valve 72 controls the variator switching sub-system 56C 
and the fluid pressures in the clutch main fluid passageway 65 
and in the endload passageway of the variator actuator control 
sub-system 56B are modulated by the variator trim valve 70. 
Under other operating conditions, e.g., during cold start and/ 
or certain fault conditions, the variator pressure multiplex 
valve 220 exhausts one end chamber of the dual pump pres 
sure regulator valve 190 such that the dual pump regulator 
valve 190 regulates the fluid pressure in the clutch main fluid 
passageway 65 (and thus the fluid pressures in the other main 
fluid passageways) to a constant fluid pressure, and the varia 
tor pressure multiplex valve 220 further routes fluid from the 
clutch main fluid passageway 65 directly to the variator 
switching sub-system 56C such that under such other oper 
ating conditions the variator trim valve 70 controls the varia 
tor switching sub-system 56C. Further details relating to the 
structure and operation of the variator trim control Sub-sys 
tem 56A are described in co-pending U.S. Patent Application 
Ser. No. 61/423.297, the disclosure of which is incorporated 
herein by reference in its entirety. 

Referring now to the variator actuator sub-system 56B of 
the variator control section 56, a fluid path 112 fluidly coupled 
to the variator switching sub-system 56C defines a variator 
high-side fluid passageway, S1, and a fluid path 116 also 
fluidly coupled to the variator switching subsection 56C 
defines a variator low-side fluid passageway, S2. In the 
embodiment illustrated in FIG. 3, the variator includes six 
actuators, 50-50, e.g., conventional pistons, and the varia 
tor high-side fluid passageway 112 is fluidly coupled to the 
high side of each such actuator 50-50 via a corresponding 
conventional damper 122-122. A conventional check valve 
126 is interposed between the variator high-side fluid pas 
sageway 112 and a fluid passageway 128. The variator low 
side fluid passageway 116 is fluidly coupled to the low side of 
each actuator 50-50 via a corresponding conventional 
damper 136-136, and another conventional check valve 140 
is interposed between the variator low-side fluid passageway 
116 and the fluid passageway 128. The fluid passageway 128 
is fluidly coupled to an endload relief valve 130, which is 
further fluidly coupled between the high side and the low side 
of the actuator 50. Further details relating to one illustrative 
structure and method of operating the endload relief valve 
130 are provided in co-pending U.S. patent application Ser. 
No. 61/287,020, the disclosure of which is incorporated 
herein by reference in its entirety. 

The fluid passageway 128 is further fluidly coupled to 
another fluid passageway 132, and an endload port or pas 
sageway 135 is fluidly coupled to another fluid passageway 
134. In the state of the variator multiplex valve 220 illustrated 
in FIG. 3, i.e., stroked, the fluid passageway 132 is fluidly 
coupled via the variator pressure multiplex valve 220 to the 
fluid passageway 134 such that the fluid pressure within the 
endload port or passageway 135 is supplied by the fluid 
passageway 128. Generally, the fluid pressure in the endload 
port or passageway 135 is the pressure load on the variator 
disks required to keep the variator disks from slipping. Under 
normal operating conditions, such as illustrated in FIG.3, the 
variator pressure multiplex valve 220 fluidly couples the end 
load port or passageway 135 directly to the fluid passageway 
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128 such that the fluid pressure in the endload fluid passage 
way 128 is modulated by the fluid pressures in S1 and S2. 
Under other operating conditions, e.g., cold start and certain 
fault conditions, the variator pressure multiplex valve 220 
routes a fluid at a fixed pressure, e.g., clutch main fluid in the 
clutch main fluid passageway 65, to the endload fluid port or 
passageway 135 via the fluid passageway 134, as is described 
in greater detail in co-pending U.S. Patent Application Ser. 
No. 61/423,297. 
A variator fault valve 76 is fluidly coupled between the 

variator main fluid passageway 68 at one end and the fluid 
outlet of the variator trim valve 72 at its opposite end. The 
variator fault valve 76 illustratively includes a spool 142 
which is responsive to a difference in pressure between the 
variator main fluid passageway 68 and the fluid outlet of the 
variator trim valve 72 to determine whether a variator fault 
exists. In the embodiment illustrated in FIG.3, for example, if 
the fluid pressure in the variator main fluid passageway 68 is 
sufficiently greater than that in the fluid outlet of the variator 
trim valve 72, the spool 142 is forced upwardly and thereby 
fluidly couples the exhaust backfill fluid passageway (EB) 
108 to the fluid passageway 144. This is the position of the 
spool 142 illustrated in FIG. 3. If instead the fluid pressure in 
the fluid outlet of the variator trim valve 72 is sufficiently 
greater than that in the variator main fluid passageway 68, the 
spool 142 is forced downwardly and thereby fluidly couples 
the control main (COM) fluid passageway 104 to the fluid 
passageway 144. Illustratively, the variator fault valve 76 is 
designed to have a specified amount of hysteresis between the 
two extreme positions of the spool 142, and in one embodi 
ment the hysteresis is approximately 15-20% such that the 
differential pressure between variator main fluid passageway 
68 and the fluid outlet of the variator trim valve 72 must be 
greater than about 15-20% before the spool 142 changes 
position. Those skilled in the art will appreciate that this 
hysteresis value is provided only by way of example and that 
other hysteresis values, or no hysteresis value, may alterna 
tively be used. 

Referring now to the variator switching sub-system 56C of 
the variator control section 56, a pair of variator control valves 
82and88 each include an actuator 85 and 95 respectively that 
is electrically connected to the transmission control circuit 30 
via a signal path 28 and 28 respectively. In the illustrated 
embodiment, the actuators 85 and 95 are illustratively con 
ventional electronically actuated solenoids. The actuators 85 
and 95 are responsive to control signals produced by the 
transmission control circuit 30 on the signal paths 28 and 28 
respectively to selectively control the valves 82 and 88 to 
thereby selectively supply S1 and S2 fluid pressures provided 
by the variator trim valve 72 under normal operating condi 
tions, or provided by the variator trim valve 70 under other 
operating conditions, e.g., cold start and certain fault condi 
tions, to the variator actuator sub-system 56B of the variator 
control section 56. Further details relating to the structure and 
operation of the variator control valves 82 and 88 will be 
described hereinafter with respect to FIGS. 4-7. 

Referring now to the clutch control section 58, the clutch 
main fluid passageway 65 is illustratively fluidly coupled to 
each of a pair of clutch trim valves 150 and 152 which 
together define a trim system. The clutch trim valves 150 and 
152 each illustratively include an actuator 154 and 158 
respectively that is electrically connected to the transmission 
control circuit 30 via a signal path 28s and 28 respectively. 
One control fluid inlet of each of the clutch trim valves 150 
and 152 is fluidly coupled to the control main fluid passage 
way 104, and another control fluid inlet of each clutch trim 
valve 150 and 152 is fluidly coupled to exhaust. In the illus 
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trated embodiment, the actuators 154 and 158 are illustra 
tively conventional electronically actuated solenoids. Fluid 
outlets of each of the clutch trim valves 150 and 152 are 
fluidly coupled to fluid inlets of each of a pair of clutch control 
valves 162 and 96. The clutch trim valves 150 and 152 are 
each configured to selectively, i.e., under the control of the 
transmission control circuit 30 via signals produced by the 
transmission control circuit 30 on the signal paths 28s and 28 
respectively, fluidly couple the clutch main fluid passageway 
65 to the clutch control valves 162 and 96. 
The clutch control valves 162 and 96 each illustratively 

include an electronic actuator, e.g., an electrically controlled 
solenoid, 164 and 168 respectively that is electrically con 
nected to the transmission control circuit 30 via a signal path 
28, and 28s respectively. One control fluid inlet of each clutch 
control valve 162 and 96 is fluidly coupled to the control 
main, COM, fluid passageway 104, and another control fluid 
inlet is fluidly coupled to exhaust. The clutch control valve 96 
is further fluidly coupled directly to the C2 clutch fluid path 
25, and clutch main fluid or exhaust backfill is selectively 
applied to the C2 clutch via the fluid path 25, via various 
combinations of states of the actuators 154,158, 164 and 168. 
The clutch control valve 162 is further fluidly coupled 
directly to each of the C1 and C3 clutch fluid paths 25 and 
25, and clutch main fluid or exhaust backfill is selectively 
routed through the clutch control valve 162 to the C1 clutch 
via the fluid passageway 25 or to the C3 clutch via the fluid 
passageway 25 via various combinations of states of the 
actuators 154, 158, 164 and 168. The clutches C1-C3 are thus 
selectively activated, i.e., engaged, and deactivated, i.e., dis 
engaged, based on the operating states of the actuators 154, 
158,164 and 168 of the clutch trim valves 150 and 152 and the 
clutch control valves 162 and 96 respectively, by selectively 
routing clutch main fluid and exhaust backpressure through 
the control valves 162 and 96 to the various clutches C1-C3. 

Further details relating to the structure and operation of the 
clutch control subsection 58 are provided in co-pending U.S. 
Patent Application Ser. No. 61/287,031, and in co-pending 
U.S. Patent Application Ser. No. 61/287,038, the disclosures 
of which are both incorporated herein by reference in their 
entireties. 

In the illustrated embodiment, sensors are operatively posi 
tioned relative to the variator fault valve 76, the variator 
control valve 88, the clutch trim valve 154 and each of the 
clutch control valves 162 and 96 to enable monitoring of the 
operating states of each of the valves 76, 88,154, 162 and 96 
and to further monitor certain transmission operating state 
faults. In one illustrative embodiment, Such sensors are pro 
vided in the form of conventional pressure Switches, although 
it will be understood that a conventional pressure sensor may 
be substituted for any one or more of the pressure switches. In 
the illustrated embodiment, for example, a pressure switch 
146 is fluidly coupled to a fluid port of the variator control 
valve 88, and is electrically connected to the transmission 
control circuit 30 via a signal path 26. Another pressure 
switch 148 is fluidly coupled to the fluid port 144 of the 
variator fault valve 76, and is electrically connected to the 
transmission control circuit 30 via a signal path 26. Still 
another pressure switch 184 is fluidly coupled to a fluid port 
of the clutch control valve 162, and is electrically connected 
to the transmission control circuit 30 via a signal path 26. Yet 
another pressure switch 188 is fluidly coupled to a fluid port 
of the clutch control valve 96, and is electrically connected to 
the transmission control circuit 30 via a signal path 26. A 
further pressure switch 186 is fluidly coupled to a fluid port of 
the clutch trim valve 154, and is electrically connected to the 
transmission control circuit 30 via a signal path 26s. 
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Signals produced by the pressure switches 146, 148, 184, 

188 and 186 are processed by the transmission control circuit 
30 to allow monitoring and diagnosis by the transmission 
control circuit 30 of the states of these pressure switches and 
thus the operating states of the each of the valves 76, 88,154, 
162 and 96. For example, in the embodiment illustrated in 
FIG. 3, the pressure switch 148 is configured to produce a 
signal corresponding to the state, e.g., normal or variator 
fault, of the variator fault valve 76. If the fluid pressure in the 
variator main fluid passageway 68 is Sufficiently greater than 
that in the fluid outlet of the variator trim valve 72 such that 
the spool 142 is forced upwardly and thereby fluidly couples 
the exhaust backfill fluid passageway (EB) 108 to the fluid 
passageway 144, as illustrated in FIG. 3, this corresponds to 
normal operation of the variator in which the pressure switch 
148 produces a low or logical “0” signal. If instead the fluid 
pressure in the fluid outlet of the variator trim valve 72 is 
Sufficiently greater than that in the variator main fluid pas 
sageway 68, the spool 142 is forced downwardly (not shown 
in the FIGS) which causes the spool 142 to fluidly couple the 
control main (COM) fluid passageway 104 to the fluid pas 
sageway 144. This corresponds to a variator fault conditions 
and the pressure switch 148 under such a variator fault con 
dition switches to a high or logical “1” state. Thus, under 
normal operating conditions the pressure Switch 148 pro 
duces a low or “0” signal, and under variator fault conditions 
the pressure switch 148 produces a high or “1” signal. The 
memory 32 of the transmission control circuit 30 Illustra 
tively includes instructions stored therein that are executable 
by the control circuit 30 to process the signal produced by the 
pressure switch 148 to determine whether the variator is 
operating normally or whether a variator fault exists. 

Further details relating to diagnosis of the signals produced 
by the pressure switch 146 will be described hereinafter. 
Further details relating to diagnosis of the signals produced 
by the pressure switches 184, 186 and 188 are described in 
co-pending U.S. Patent Application Ser. No. 61/287,031. 

Referring now to FIGS. 4-7, further details relating to the 
structure and operation of the variator Switching Sub-system 
56C of the variator control section 56 are illustrated. In the 
embodiment illustrated in FIGS. 4–7, like reference numbers 
are used to identify like components of the variator Switching 
sub-system 56C illustrated in FIG. 3. However, for ease of 
illustration and facilitation of understanding of the Sub-sys 
tem 56C, Some of the connections of various fluid passage 
ways are not shown and/or are truncated, and some of the 
sub-systems fluidly coupled to the variator switching sub 
system 56C are shown in block form. For example, in FIGS. 
4-7 the variator main fluid passageway 68 is shown as a block 
fluidly connected only to a fluid inlet of the variator trim valve 
72, the control main fluid passageway 104 is shown as a block 
fluidly connected only to a fluid inlet of the variator switching 
valve 82, a fluid inlet of the variator switching valve 88 and to 
a fluid passageway 262 via a conventional flow reducer 260, 
and the exhaust backfill fluid passageway 108 is shown as a 
block fluidly connected to a fluid inlet of the mode damper 
118 and fluidly coupled to the variator switching valve 88. 
The variator actuator sub-system 56B is likewise shown as a 
block and is fluidly coupled to the variator switching valves 
82and88 via the fluid passageways 112 and 116. The variator 
fault valve 76 and fluid connections thereto are also omitted 
from FIGS. 4-7. Finally, although it will be understood that 
the fluid outlet of the mode damper 118 is, in the embodiment 
illustrated in FIG. 3, fluidly coupled to the variator pressure 
multiplex valve 220, this fluid coupling is omitted in FIGS. 
4-7 and the fluid outlet of the mode damper 118 is instead 
illustrated as being fluidly coupled directly to the variator 
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switching valves 82and88 via a fluid passageway 204. Thus, 
while pressurized fluid may be supplied to the variator 
switching sub-system 56C by either the variator trim valve 72 
or the variator trim valve 70 depending upon the operating 
conditions of the transmission 14 as described in detail in 
co-pending U.S. Patent Application Ser. No. 61/423,297, 
FIGS. 4-7 show instead a direct fluid coupling between the 
fluid outlet of the mode damper 118 and the variator switch 
ing valves 82and88 for ease of illustration and understanding 
of the operation of the variator switching sub-system 56C. In 
short, operation of the variator switching valves 82 and 88 is 
the same regardless of whether the variator trim valve 72 or 
the variator trim valve 70 is supplying pressurized fluid 
thereto. 

The variator trim valve 72 is illustratively a conventional 
variable-bleed valve that receives fluid at one fluid inlet from 
the variator main fluid passageway 68, receives exhaust at 
another fluid inlet, and operates in a conventional manner to 
Supply variable-pressure transmission fluid at its outlet based 
on a control signal produced by the transmission control 
circuit 30 on the signal path 28. The control signal on the 
signal path 28, is received by a conventional solenoid 84 
which serves as an actuator of the variator trim valve 72. The 
fluid outlet of the variator trim valve 72 is fluidly coupled to 
a fluid inlet of the mode damper 118 via a fluid passageway 
202, another fluid inlet of the mode damper 118 is fluidly 
coupled to the exhaust backfill fluid passageway 108, and the 
fluid outlet of the mode damper 118 is fluidly coupled to both 
of the variator switching valves 82 and 88 via a fluid passage 
way 204. 

Variable-pressure transmission fluid produced by the 
variator trim valve 72 at its fluid outlet is supplied to the 
variator switching sub-system 56C via the fluid passageway 
204. Fixed pressure exhaust backfill fluid, e.g., outside ambi 
ent pressure, is Supplied to the variator Switching Sub-system 
56C via the fluid passageway 108. The variator switching 
sub-system 56C operates to selectively apply the variable 
pressure fluid in the fluid passageway 204 or the exhaust 
backfill fluid in the fluid passageway 108 to the variator 
actuator sub-system 56B as the high side fluid S1 via the fluid 
passageway 112, and to apply the other of the variable pres 
sure fluid in the fluid passageway 204 or the exhaust backfill 
fluid in the fluid passageway 108 to the variator actuator 
sub-system 56B as the low side fluid S2 via the fluid passage 
way 116. 

The variator switching valve 82 includes a spool 210 hav 
ing one end 212 extending into a spring pocket 215 and an 
opposite end 216 fluidly coupled to a fluid outlet of an actua 
tor 85. The actuator 85 further includes a fluid inlet fluidly 
coupled to the control main fluid passageway 104 and another 
fluid inlet fluidly coupled to exhaust. The actuator is illustra 
tively a conventional Solenoid actuator electrically connected 
to the control circuit 30 via the signal path 28. The variator 
switching valve 82 is illustratively a conventional on-off 
valve that operates in a conventional manner based on control 
signals produced by the transmission control circuit 30 on the 
signal path 28 and received by the solenoid actuator 85 to 
controllably stroke and destroke the valve 82. The spool 210 
sequentially defines a number of lands 222, 224, 226 and 228 
thereon between the end 216 fluidly coupled to the fluid outlet 
of the actuator 85 and the opposite end 212 extending into the 
spring pocket 215. A valve spring 214 is positioned in the 
spring pocket 215 of the variator switching valve 82, and the 
valve spring 214 exerts a biasing force against the end 212 of 
the spool 210 in the direction of the end 216 of the spool 210, 
i.e., in an upward direction in FIGS. 4-7. 
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The variator switching valve 88 includes a spool 230 hav 

ing one end 232 extending into a spring pocket 233 and an 
opposite end 235 fluidly coupled to a fluid outlet of an actua 
tor 95. The actuator 95 further includes a fluid inlet fluidly 
coupled to the control main fluid passageway 104 and another 
fluid inlet fluidly coupled to exhaust. The actuator is illustra 
tively a conventional Solenoid actuator electrically connected 
to the control circuit 30 via the signal path 28. The variator 
switching valve 88 is illustratively a conventional on-off 
valve that operates in a conventional manner based on control 
signals produced by the transmission control circuit 30 on the 
signal path 28 and received by the solenoid actuator 95 to 
controllably stroke and destroke the valve 88. The spool 230 
sequentially defines a number of lands 236,238,240 and 242 
thereon between the end 235 fluidly coupled to the fluid outlet 
of the actuator 95 and the opposite end 232 extending into the 
spring pocket 233. A valve spring 234 is positioned in the 
spring pocket 233 of the variator switching valve 88, and the 
valve spring 234 exerts a biasing force against the end 232 of 
the spool 230 in the direction of the end 235 of the spool 230, 
i.e., in an upward direction in FIGS. 4-7. 
The fluid passageways 112 and 116 are illustratively flu 

idly coupled to both of the variator switching valves 82and88 
at all times. A fluid passageway 251 is fluidly coupled 
between the fluid passageway 216 (S2) and the variator 
switching valve 82, a fluid passageway 253 is fluidly coupled 
between the fluid passageway 212 (S1) and the variator 
switching valve 82, a fluid passageway 255 is fluidly coupled 
between the exhaust backfill fluid passageway 108 (EB) and 
the variator switching valve 88, a fluid passageway 262 is 
fluidly coupled between the flow reducer 260 and the variator 
switching valve 88, and fluid passageways 250,252,254, 256 
and 258 are fluidly coupled between the variator switching 
valves 82 and 88. The pressure sensor or pressure switch 146 
is fluidly coupled to the fluid passageway 262, and is electri 
cally connected to the control circuit 30 via the signal path 
26. The pressure sensor or switch 146 may be conventional, 
and is configured to produce a pressure signal on the signal 
path 26 corresponding to fluid pressure within the fluid pas 
sageway 262. 
The memory 32 of the control circuit 30 has instructions 

stored therein that are executable by the control circuit 30 to 
control operation of the variator trim valve 72 and operation 
of the variator switching valves 82 and 88, to process the 
pressure signal produced by the pressure sensor or Switch 26 
to determine the pressure in the fluid passageway 262, and to 
determine from the pressure in the fluid passageway 262 
whether the variator Switching valves are in certain operating 
States. 

Referring now specifically to FIG. 4, a first operating state 
of the variator switching valves 82 and 88 is shown in which 
the variator switching valves 82and88 are shown both in their 
destroked states. In the destroked state of the variator switch 
ing valve 82, the actuator 85 has been controlled by the 
control circuit 30 to exhaust the fluid outlet thereof so that the 
valve spring 214 biases the spool 210 upwardly with the end 
216 of the spool 210 proximate to the fluid outlet of the 
actuator 85. In the destroked state of the variator switching 
valve 88, the actuator 95 has likewise been controlled by the 
control circuit 30 to exhaust the fluid outlet thereof so that the 
valve spring 234 biases the spool 230 upwardly with the end 
235 of the spool 230 proximate to the fluid outlet of the 
actuator 95. In this first operating state of the variator switch 
ing valves 82 and 88, the variator switching valve 82 fluidly 
couples fluid passageway 251 to the fluid passageways 116 
and 252 between the lands 222 and 224, and blocks one 
terminal end of the fluid passageway 116 with the land 226. 
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The variator switching valve 88 fluidly couples the exhaust 
backfill fluid passageway 108 to the fluid passageway 252 
between the lands 236 and 238, such that together the variator 
switching valves 82 and 88 fluidly connect the low side fluid 
passageway 116 (S2) to the lower pressure exhaust backfill 
(EB) fluid passageway 108. The variator switching valve 88 
fluidly couples the variable pressure fluid passageway 204 to 
the fluid passageway 250 between the lands 238 and 240, and 
the variator switching valve 82 fluidly couples the fluid pas 
sageways 250 and 253 between the lands 224 and 226, such 
that together the variator switching valves 82 and 88 fluidly 
connect the high side fluid passageway 112 (S1) to the higher 
pressure fluid passageway 204. Illustratively, the variator 
actuator sub-system 56B is operable to control the rollers, 
e.g., rollers 48 and 48 of FIGS. 2A and 2B, to apply positive 
torque to the torroidal disks, e.g., disks 42 and 44 of FIGS. 2A 
and 2B, when the pressure in the high side fluid passageway 
112 (S1) is greater than that in the low side fluid passageway 
116 (S2) as illustrated in FIG. 4. Alternatively, the variator 
actuator sub-system 56B may be configured to control the 
rollers to apply negative torque to the torroidal disks when the 
pressure in the high side fluid passageway 112 (S1) is greater 
than that in the low side fluid passageway 116 (S2) as illus 
trated in FIG. 4. 

In the first operational state of the variator switching valves 
82 and 88 illustrated in FIG. 4, one end of the fluid passage 
way 254 and one end of the exhaust backfill fluid passageway 
108 is blocked by the land 240 of the variator switching valve 
88, and the opposite end is fluidly coupled to the fluid pas 
sageway 256 between the lands 226 and 228 of the variator 
switching valve 82. The variator switching valve 88 further 
fluidly couples the fluid passageway 256 to the fluid passage 
way 262 between the lands 240 and 242. Both ends of the fluid 
passageway 258 are blocked by the land 228 of the variator 
switching valve 82 and the land 242 of the variator switching 
valve 88. Illustratively, at least the land 240 does not form a 
fluid-tight seal within the valve 88 such that exhaust backfill 
fluid can pass through from the exhaust backfill fluid passage 
way 108 to the fluid passageway 254. Alternatively or addi 
tionally, at least the land 240 may define an annular channel 
therein which allows or facilitates fluid leakage around the 
land 224. The flow restrictor 260 sufficiently reduces the flow 
of fluid from the control main fluid passageway 104 into the 
fluid passageway 262 such that the fluid pressure in the fluid 
passageway 262 in the first operational state of the variator 
switching valves 82 and 88 is exhaust backfill, and the pres 
sure sensor or switch 26 is illustratively responsive to the 
backfill fluid pressure in the fluid passageway 262 to produce 
a low level pressure signal, e.g., a logic low or “0” state. In 
alternative embodiments, the pressure sensor or Switch 26 
may be configured to be responsive to the backfill fluid pres 
Sure in the fluid passageway 262 to produce a high level 
pressure signal, e.g., a logic high or “1” state. 

In the illustrated embodiment, the variator switching 
valves 82 and 88 are operable in the first operational state 
thereof, in which both valves 82 and 88 are controlled to a 
destroked state by the control circuit 30, to supply the variable 
pressure fluid in the fluid passageway 204 to the high side 
fluid passageway 112 (S1) and to supply the lower pressure 
exhaust backfill fluid in the exhaust backfill fluid passageway 
108 to the low side fluid passageway 116 (S2). In this first 
operational state, the pressure sensor or Switch 26 illustra 
tively produces a low level pressure signal, which is indicative 
of the destroked state of both variator switching valves 82and 
88. 

Referring now to FIG. 5, a second operating state of the 
variator switching valves 82 and 88 is shown in which the 
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variator switching valves 82 and 88 are both in their stroked 
states. In the stroked state of the variator switching valve 82. 
the actuator 85 has been controlled by the control circuit 30 to 
fluidly couple the control main fluid inlet to the fluid outlet 
thereof such that fluid from the control main fluid passageway 
104 is supplied to the end 216 of the spool 210. The pressure 
of fluid in the control main fluid passageway 104 is sufficient 
to overcome the biasing force of the valve spring 214 so that 
the spool 210 is forced downwardly by the control main fluid 
against the bias of the valve spring 214 to the position illus 
trated in FIG.5 in which the end 212 of the spool 210 extends 
fully into the spring pocket 215 and the end 216 is spaced 
apart from the fluid outlet of the actuator 85. In the stroked 
state of the variator switching valve 88, the actuator 95 has 
likewise been controlled by the control circuit 30 to fluidly 
couple the control main fluid inlet to the fluid outlet thereof 
such that fluid from the control main fluid passageway 104 is 
supplied to the end 235 of the spool 230. The pressure of fluid 
in the control main fluid passageway 104 is sufficient to 
overcome the biasing force of the valve spring 234 so that the 
spool 230 is forced downwardly by the control main fluid 
against the bias of the valve spring 234 to the position illus 
trated in FIG.5 in which the end 232 of the spool 230 extends 
fully into the spring pocket 233 and the end 235 is spaced 
apart from the fluid outlet of the actuator 95. In this second 
operating state of the variator switching valves 82 and 88, the 
land 222 of the variator switching valve 82 blocks the fluid 
passageway 251, and fluidly couples the low side fluid pas 
sageway 116 (S2) to the fluid passageway 250 between the 
lands 224 and 226. The variator switching valve 88 fluidly 
couples the exhaust backfill fluid passageway 108 to the fluid 
passageways 250 and 254 between the lands 238 and 240, 
such that together the variator switching valves 82 and 88 
fluidly connect the low side fluid passageway 116 (S2) to the 
lower pressure exhaust backfill (EB) fluid passageway 108. 
The variator switching valve 88 fluidly couples the variable 
pressure fluid passageway 204 to the fluid passageway 252 
between the lands 236 and 238, and the variator switching 
valve 82 fluidly couples the fluid passageways 252 and 253 
between the lands 222 and 224, such that together the variator 
switching valves 82and88 fluidly connect the high side fluid 
passageway 112 (S1) to the higher pressure fluid passageway 
204. 

In the second operational state of the variator Switching 
valves 82 and 88 illustrated in FIG. 5, the fluid passageway 
254 is fluidly coupled to the fluid passageway 258 between 
the lands 226 and 228 of the variator switching valve 82. The 
variator switching valve 88 further fluidly couples the fluid 
passageway 258 to the fluid passageway 262 between the 
lands 240 and 242. Both ends of the fluid passageway 256 are 
blocked by the land 226 of the variator switching valve 82 and 
the land 240 of the variator switching valve 88. The exhaust 
backfill fluid passageway 108 is thus fluidly coupled through 
the variator switching valves 82 and 88 to the fluid passage 
way 262. The flow restrictor 260 sufficiently reduces the flow 
of fluid from the control main fluid passageway 104 into the 
fluid passageway 262 such that the fluid pressure in the fluid 
passageway 262 in the second operational state of the variator 
switching valves 82 and 88 is at exhaust backfill, and the 
pressure sensor or switch 26, is illustratively responsive to the 
backfill fluid pressure in the fluid passageway 262 to produce 
a low level pressure signal, e.g., a logic low or “0” state. In 
alternative embodiments, the pressure sensor or Switch 26 
may be configured to be responsive to the backfill fluid pres 
Sure in the fluid passageway 262 to produce a high level 
pressure signal, e.g., a logic high or “1” state. 
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In the illustrated embodiment, the variator switching 
valves 82 and 88 are operable in the second operational state 
thereof, in which both valves 82 and 88 are controlled to a 
stroked state by the control circuit 30, to supply the variable 
pressure fluid in the fluid passageway 204 to the high side 
fluid passageway 112 (S1) and to supply the lower pressure 
exhaust backfill fluid in the exhaust backfill fluid passageway 
108 to the low side fluid passageway 116 (S2). In this second 
operational state, the pressure sensor or switch 26 illustra 
tively produces a low level pressure signal, which is indicative 
of the stroked state of both variator switching valves 82 and 
88. 

Referring now to FIG. 6, a third operating state of the 
variator switching valves 82 and 88 is shown in which the 
variator switching valve 82 is in a stroked state and the varia 
tor switching valve 88 is in a destroked state. In the stroked 
state of the variator switching valve 82, the actuator 85 has 
been controlled by the control circuit 30 to fluidly couple the 
control main fluid inlet to the fluid outlet thereof such that 
fluid from the control main fluid passageway 104 is supplied 
to the end 216 of the spool 210. The pressure of fluid in the 
control main fluid passageway 104 is sufficient to overcome 
the biasing force of the valve spring 214 so that the spool 210 
is forced downwardly by the control main fluid against the 
bias of the valve spring 214 to the position illustrated in FIG. 
6 in which the end 212 of the spool 210 extends fully into the 
spring pocket 215 and the end 216 is spaced apart from the 
fluid outlet of the actuator 85. In the destroked state of the 
variator switching valve 88, the actuator 95 has been con 
trolled by the control circuit 30 to exhaust the fluid outlet 
thereof so that the valve spring 234 biases the spool 230 
upwardly with the end 235 of the spool 230 proximate to the 
fluid outlet of the actuator 95. In this third operating state of 
the variator switching valves 82 and 88, the land 222 of the 
variator switching valve 82 blocks the fluid passageway 251, 
and fluidly couples the low side fluid passageway 116 (S2) to 
the fluid passageway 250 between the lands 224 and 226. The 
variator switching valve 88 fluidly couples the variable pres 
sure fluid passageway 204 to the fluid passageway 250 
between the lands 238 and 240, such that together the variator 
switching valves 82 and 88 fluidly connect the low side fluid 
passageway 116 (S2) to the variable pressure fluid passage 
way 204. The variator switching valve 88 fluidly couples the 
fluid passageway 255 to the fluid passageway 252 between 
the lands 236 and 238, and the variator switching valve 82 
fluidly couples the fluid passageways 252 and 253 between 
the lands 222 and 224, such that together the variator switch 
ing valves 82 and 88 fluidly connect the high side fluid pas 
sageway 112 (S1) to the lower pressure exhaust backfill fluid 
passageway 108. Illustratively, the variator actuator sub-sys 
tem56B is operable to control the rollers, e.g., rollers 48 and 
48 of FIGS. 2A and 2B, to apply negative torque to the 
torroidal disks, e.g., disks 42 and 44 of FIGS. 2A and 2B, 
when the pressure in the low side fluid passageway 116 (S2) 
is greater than that in the high side fluid passageway 112 (S1) 
as illustrated in FIG. 6. Alternatively, the variator actuator 
sub-system 56B may be configured to control the rollers to 
apply positive torque to the torroidal disks when the pressure 
in the low side fluid passageway 116 (S2) is greater than that 
in the high side fluid passageway 112 (S1) as illustrated in 
FIG. 6. 

In the third operational state of the variator switching 
valves 82 and 88 illustrated in FIG. 6, the fluid passageways 
108 and 254 are blocked by the land 240 of the variator 
switching valve 88. The variator switching valve 82 fluidly 
couples the fluid passageways 254 and 258 between the lands 
226 and 228, and the variator switching valve 88 blocks the 
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fluid passageway 258 with the land 242. The fluid passage 
way 256 is blocked at one end by the land 226 of the variator 
switching valve 82, and the variator switching valve 88 fluidly 
couples the fluid passageways 256 and 262 between the lands 
240 and 242. Because the end of the fluid passageway 256 is 
blocked by the land 226 of the variator switching valve 82. 
fluid from the control main fluid passageway 104 passes 
through the flow restrictor 260 and establishes control main 
fluid pressure in the fluid passageway 262. The fluid pressure 
in the fluid passageway 262 in the third operational state of the 
variator switching valves 82and88 is thus at the control main 
fluid pressure, and the pressure sensor or Switch 26 is illus 
tratively responsive to the control main fluid pressure in the 
fluid passageway 262 to produce a high level pressure signal, 
e.g., a logic high or “1” state. In alternative embodiments, the 
pressure sensor or Switch 26 may be configured to be respon 
sive to the control main fluid pressure in the fluid passageway 
262 to produce a low level pressure signal, e.g., a logic low or 
“O State. 

In the illustrated embodiment, the variator switching 
valves 82 and 88 are operable in the third operational state 
thereof, in which the variator switching valve 82 is controlled 
to a stroked state and the variator switching valve 88 is con 
trolled to a destroked state by the control circuit 30, to supply 
the variable pressure fluid in the fluid passageway 204 to the 
low side fluid passageway 116 (S2) and to supply the lower 
pressure exhaust backfill fluid in the exhaust backfill fluid 
passageway 108 to the high side fluid passageway 112 (S1). 
In this third operational state, the pressure sensor or Switch 
26 illustratively produces a high level pressure signal, which 
is indicative of the stroked state of the variator switching 
valve 82 and the destroked state of the variator switching 
valve 88. 

Referring now to FIG. 7, a fourth operating state of the 
variator switching valves 82 and 88 is shown in which the 
variator switching valve 82 is in a destroked state and the 
variator switching valve 88 is in a stroked state. In the stroked 
state of the variator switching valve 88, the actuator 95 has 
been controlled by the control circuit 30 to fluidly couple the 
control main fluid inlet to the fluid outlet thereof such that 
fluid from the control main fluid passageway 104 is supplied 
to the end 235 of the spool 230. The pressure of fluid in the 
control main fluid passageway 104 is sufficient to overcome 
the biasing force of the valve spring 234 so that the spool 230 
is forced downwardly by the control main fluid against the 
bias of the valve spring 234 to the position illustrated in FIG. 
7 in which the end 232 of the spool 230 extends fully into the 
spring pocket 233 and the end 235 is spaced apart from the 
fluid outlet of the actuator 95. In the destroked state of the 
variator switching valve 82, the actuator 85 has been con 
trolled by the control circuit 30 to exhaust the fluid outlet 
thereof so that the valve spring 214 biases the spool 210 
upwardly with the end 216 of the spool 210 proximate to the 
fluid outlet of the actuator 85. In this fourth operating state of 
the variator switching valves 82and88, the variator switching 
valve 82 fluidly couples the fluid passageways 251 and 252 
between the lands 222 and 224, and the variator switching 
valve 88 fluidly couples the variable pressure fluid passage 
way 204 to the fluid passageway 252 between the lands 236 
and 238. Together the variator switching valves 82 and 88 
thus fluidly connect the low side fluid passageway 116 (S2) to 
the variable pressure fluid passageway 204. The land 236 of 
the variator switching valve 88 blocks the fluid passageway 
255, and the variator switching valve 88 fluidly couples the 
exhaust backfill fluid passageway 108 to the fluid passage 
ways 250 and 254 between the lands 238 and 240. The varia 
tor switching valve 82 fluidly couples the fluid passageways 
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250 and 253 between the lands 224 and 226, such that 
together the variator switching valves 82 and 88 fluidly con 
nect the high side fluid passageway 112 (S1) to the lower 
pressure exhaust backfill fluid passageway 108. 

In the fourth operational state of the variator switching 
valves 82 and 88 illustrated in FIG. 7, the variator switching 
valve 82 fluidly couples the fluid passageways 254 and 256 
between the lands 226 and 228, and the fluid passageway 256 
is blocked by the land 240 of the variator switching valve 88. 
The fluid passageway 258 is blocked at one end by the land 
228 of the variator switching valve 82, and the variator 
switching valve 88 fluidly couples the fluid passageways 258 
and 262 between the lands 240 and 242. Because the end of 
the fluid passageway 258 is blocked by the land 228 of the 
variator switching valve 82, fluid from the control main fluid 
passageway 104 passes through the flow restrictor 260 and 
establishes control main fluid pressure in the fluid passage 
way 262. The fluid pressure in the fluid passageway 262 in the 
fourth operational state of the variator switching valves 82 
and 88 is thus at the control main fluid pressure, and the 
pressure sensor or switch 26, is illustratively responsive to the 
control main fluid pressure in the fluid passageway 262 to 
produce a high level pressure signal, e.g., a logic high or “1” 
state. In alternative embodiments, the pressure sensor or 
switch 26 may be configured to be responsive to the control 
main fluid pressure in the fluid passageway 262 to produce a 
low level pressure signal, e.g., a logic low or “0” state. 

In the illustrated embodiment, the variator switching 
valves 82 and 88 are operable in the fourth operational state 
thereof, in which the variator switching valve 82 is controlled 
to a destroked state and the variator switching valve 88 is 
controlled to a stroked state by the control circuit 30, to supply 
the variable pressure fluid in the fluid passageway 204 to the 
low side fluid passageway 116 (S2) and to supply the lower 
pressure exhaust backfill fluid in the exhaust backfill fluid 
passageway 108 to the high side fluid passageway 112 (S1). 
In this fourth operational state, the pressure sensor or Switch 
26 illustratively produces a high level pressure signal, which 
is indicative of the destroked state of the variator switching 
valve 82 and the stroked state of the variator switching valve 
88. 

In the embodiment of the variator switching sub-system 
56C illustrated in FIGS. 3-7, the variator switching valves 82 
and 88 each receive the variable pressure fluid supplied by the 
variator trim valve 72 (or supplied by the variator trim valve 
70 under some operating conditions of the transmission 14) 
and the exhaust backfill fluid supplied by the exhaust backfill 
fluid passageway 108. The pressure of fluid in the fluid pas 
sageway, while variable, always exceeds that of the exhaust 
backfill pressure. In alternate embodiments, a fixed pressure 
reference fluid other than the exhaust backfill fluid may be 
Supplied to the variator Switching valves in place of the 
exhaust backfill fluid. In any case, the two variator switching 
valves 82 and 88 together define four different operational 
states. In each of two of the four different operational states 
the variator switching valves 82 and 88 supply the variable 
pressure fluid to the high side fluid inlet of the variator actua 
tor sub-system 56B and the exhaust backfill fluid to the low 
side fluid inlet of the variator actuator sub-system 56B, and in 
each of the remaining two of the four different operational 
states the variator switching valves 82 and 88 supply the 
exhaust backfill fluid to the high side fluid inlet of the variator 
actuator sub-system 56B and the variable pressure fluid to the 
low side fluid inlet of the variator actuator sub-system 56B. 

In the illustrated embodiment, the variator switching 
valves 82and88 supply the variable pressure fluid to the high 
side fluid inlet of the variator actuator sub-system 56B and the 
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exhaust backfill fluid to the low side fluid inlet of the variator 
actuator sub-system 56B when the variator switching valves 
82 and 88 are both stroked and when the variator switching 
valves 82 and 88 are both destroked. The variator switching 
valves 82 and 88 supply the exhaust backfill fluid to the high 
side fluid inlet of the variator actuator sub-system 56B and the 
variable pressure fluid to the low side fluid inlet of the variator 
actuator sub-system 56B when the variator switching valve 
82 is stroked and the variator switching valve 88 is destroked 
and also when the variator switching valve 88 is stroked and 
the variator switching valve 82 is destroked. In alternative 
embodiments, the variator switching valves 82 and 88 may 
instead supply the exhaust backfill fluid to the high side fluid 
inlet of the variator actuator sub-system 56B and the variable 
pressure fluid to the low side fluid inlet of the variator actuator 
sub-system 56B when the variator switching valves 82and88 
are both stroked and when the variator switching valves 82 
and 88 are both destroked, and may supply the variable pres 
sure fluid to the high side fluid inlet of the variator actuator 
sub-system 56B and the exhaust backfill fluid to the low side 
fluid inlet of the variator actuator sub-system 56B when the 
variator switching valve 82 is stroked and the variator switch 
ing valve 88 is destroked and also when the variator switching 
valve 88 is stroked and the variator switching valve 82 is 
destroked. 

In any case, the memory 32 has instructions stored therein 
that are executable by the control circuit 30 to control the 
variator switching valves 82and88 between the four different 
operational states. For example, the variator Switching valve 
82 includes an actuator 85 that is responsive to a first control 
signal to control the variator switching valve 82 to the stroked 
operational state and to a second control signal to control the 
variator switching valve 82 to the destroked operational state, 
and the variator switching valve 88 includes an actuator 95 
responsive to a third control signal to control the variator 
switching valve 88 to the stroked operational state and to a 
fourth control signal to control the variator switching valve 88 
to the destroked operational state. The control circuit 30 illus 
tratively produces the first, second, third and fourth control 
signals according to the instructions stored in the memory 32. 
A pressure sensor 26 is illustratively positioned in the fluid 

passageway 262 that is fluidly coupled to the variator switch 
ing valve 88. In one alternative embodiment, the pressure 
sensor 26 may instead be positioned in a fluid passageway 
that is fluidly coupled to the variator switching valve 82. In 
other embodiments, the pressure sensor 26 may be posi 
tioned in a fluid passageway that is fluidly coupled to both of 
the variator switching valves 82 and 88. In any case, the 
pressure sensor 26 produces a pressure signal at one level. 
e.g., a low level or a high level, when the variator Switching 
valves 82 and 88 are in either of two of the four different 
operational states and produces a pressure signalata different 
level, e.g., a high level or a low level, when the variator 
switching valves 82and88 are in either of the remaining two 
of the four different operational states. In the illustrated 
embodiment, for example, the instructions stored in the 
memory 32 include instructions executable by the control 
circuit 30 to monitor operation of the pressure sensor 26 and 
determine that the variator switching valves 82 and 88 are 
supplying the variable pressure fluid to the high side fluid 
inlet of the variator actuator sub-system 56B and the exhaust 
backfill fluid to the low side fluid inlet of the variator actuator 
sub-system 56B when the pressure sensor produces one level 
of the pressure signal, e.g., high or low level, and that the 
variator switching valves 82and88 are supplying the exhaust 
backfill fluid to the high side fluid inlet of the variator actuator 
sub-system 56B and the variable pressure fluid to the low side 
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fluid inlet of the variator actuator sub-system 56B when the 
pressure a different level of the pressure signal, e.g., low or 
high level. 

While the invention has been illustrated and described in 
detail in the foregoing drawings and description, the same is 
to be considered as illustrative and not restrictive in character, 
it being understood that only illustrative embodiments 
thereof have been shown and described and that all changes 
and modifications that come within the spirit of the invention 
are desired to be protected. 

The invention claimed is: 
1. An apparatus for controlling a variator having at least 

one roller between a first toroidal disk coupled to an input of 
an automatic transmission and a second toroidal disk coupled 
to an output of the transmission, the apparatus comprising: 

at least one actuator responsive to fluid pressure at separate 
high side and low side fluid inlets thereof to control 
torque applied by the at least one roller to the first and 
second toroidal disks, and 

first and second variator Switching valves each receiving a 
first fluid at a first pressure and a second fluid at a second 
pressure less than the first pressure, the first and second 
variator switching valves together defining four differ 
ent operational states and Supplying the first fluid to the 
high side fluid inlet of the at least one actuator and the 
second fluid to the low side fluid inlet of the at least one 
actuator during each of two of the four different opera 
tional states and Supplying the second fluid to the high 
side fluid inlet of the at least one actuator and the first 
fluid to the low side fluid inlet of the at least one actuator 
during each of the remaining two of the four different 
operational states. 

2. The apparatus of claim 1 wherein each of the first and 
second variator Switching valves defines a stroked State and 
an opposite destroked State, 

and wherein the first and second variator Switching valves 
supply the first fluid to the high side fluid inlet of the at 
least one actuator and the second fluid to the low side 
fluid inlet of the at least one actuator when the first and 
second variator Switching valves are both stroked and 
when the first and second variator Switching valves are 
both destroked. 

3. The apparatus of claim 2 wherein the first and second 
variator Switching valves Supply the second fluid to the high 
side fluid inlet of the at least one actuator and the first fluid to 
the low side fluid inlet of the at least one actuator when the 
first variator Switching valve is stroked and the second varia 
tor Switching valve is destroked and also when the second 
variator switching valve is stroked and the first variator 
Switching valve is destroked. 

4. The apparatus of claim 1 wherein each of the first and 
second variator Switching valves defines a stroked State and 
an opposite destroked State, 

and wherein the first and second variator Switching valves 
supply the second fluid to the high side fluid inlet of the 
at least one actuator and the first fluid to the low side fluid 
inlet of the at least one actuator when the first and second 
variator switching valves are both stroked and when the 
first and second variator switching valves are both 
destroked. 

5. The apparatus of claim 4 wherein the first and second 
variator switching valves supply the first fluid to the high side 
fluid inlet of the at least one actuator and the second fluid to 
the low side fluid inlet of the at least one actuator when the 
first variator Switching valve is stroked and the second varia 
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tor Switching valve is destroked and also when the second 
variator switching valve is stroked and the first variator 
Switching valve is destroked. 

6. The apparatus of claim 1 wherein the at least one actuator 
is responsive to fluid pressure at the high side fluid inlet being 
greater than fluid pressure at the low side fluid inlet to control 
the at least one roller to transfer one of a positive and a 
negative torque to the first and second toroidal disks, and is 
responsive to fluid pressure at the low side fluid inlet being 
greater than fluid pressure at the high side fluid inlet to control 
the at least one roller to transfer the other of the positive and 
negative torque to the first and second toroidal disks. 

7. The apparatus of claim 1 further comprising a control 
circuit including a memory having instructions stored therein 
that are executable by the control circuit to control the first 
and second variator switching valves between the four differ 
ent operational states. 

8. The apparatus of claim 7 wherein the first variator 
Switching Valve includes a first actuator responsive to a first 
control signal to control the first variator Switching valve to a 
stroked operational State and to a second control signal to 
control the first variator switching valve to a destroked opera 
tional state, 

and wherein the second variator Switching Valve includes a 
second actuator responsive to a third control signal to 
control the second variator Switching valve to a stroked 
operational state and to a fourth control signal to control 
the second variator Switching valve to a destroked opera 
tional state, 

and wherein the control circuit produces the first and sec 
ond control signals according to the instructions stored 
in the memory. 

9. The apparatus of claim 8 wherein the first and second 
variator switching valves supply the first fluid to the high side 
fluid inlet of the at least one actuator and the second fluid to 
the low side fluid inlet of the at least one actuator when the 
first and second variator switching valves are both in their 
stroked operational states and when the first and second varia 
tor switching valves are both in their destroked operational 
States. 

10. The apparatus of claim 9 wherein the at least one 
actuator is responsive to fluid pressure at the high side fluid 
inlet being greater than fluid pressure at the low side fluid inlet 
to control the at least one roller to transfer one of a positive 
and a negative torque to the first and second toroidal disks, 

and wherein the instructions stored in the memory include 
instructions executable by the control circuit to produce 
the first and third control signals or the second and fourth 
signals to control the at least one roller to transfer the one 
of the positive and the negative torque to the first and 
second toroidal disks. 

11. The apparatus of claim 8 wherein the first and second 
variator switching valves supply the first fluid to the low side 
fluid inlet of the at least one actuator and the second fluid to 
the high side fluid inlet of the at least one actuator when one 
of the first and second variator Switching valves is in its 
stroked state and the other of the first and second variator 
Switching valves is in its destroked State. 

12. The apparatus of claim 11 wherein the at least one 
actuator is responsive to fluid pressure at the low side fluid 
inlet being greater than fluid pressure at the high side fluid 
inlet to control the at least one roller to transfer one of a 
positive and a negative torque to the first and second toroidal 
disks, 

and wherein the instructions stored in the memory include 
instructions executable by the control circuit to produce 
the first and fourth control signals or the second and third 
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signals to control the at least one roller to transfer the one 
of the positive and the negative torque to the first and 
second toroidal disks. 

13. The apparatus of claim 7 further comprising a pressure 
sensor fluidly coupled to at least one of the first and second 
Variator Switching valves such that the pressure sensor pro 
duces a first sensor signal when the first and second variator 
Switching valves are in either of the two of the four different 
operational states and produces a second sensor signal when 
the first and second variator switching valves are in either of 
the remaining two of the four different operational states. 

14. The apparatus of claim 13 wherein the pressure sensor 
is electrically connected to the control circuit, 

and wherein the instructions stored in the memory include 
instructions executable by the control circuit to monitor 
operation of the pressure sensor and determine that the 
first and second variator switching valves are supplying 
the first fluid to the high side fluid inlet of the at least one 
actuator and the second fluid to the low side fluid inlet of 
the at least one actuator when the pressure sensor pro 
duces the first sensor signal and that the first and second 
Variator switching valves are supplying the second fluid 
to the high side fluid inlet of the at least one actuator and 
the first fluid to the low side fluid inlet of the at least one 
actuator when the pressure sensor produces the second 
sensor signal. 

15. The apparatus of claim 1 further comprising means for 
supplying the first fluid with the first fluid pressure being 
constant or variable. 

16. The apparatus of claim 1 further comprising means for 
Supplying the second fluid with the second fluid pressure 
being exhaust. 

17. An apparatus for controlling a variator having at least 
one roller between a first toroidal disk coupled to an input of 
an automatic transmission and a second toroidal disk coupled 
to an output of the transmission, the apparatus comprising: 

at least one actuator responsive to fluid pressure at separate 
high side and low side fluid inlets thereof to control 
torque applied by the at least one roller to the first and 
second toroidal disks, and 

first and second variator Switching valves each receiving a 
first fluid at a first pressure and a second fluid at a second 
pressure less than the first pressure, the first and second 
Variator switching valves being controllable to supply 
the first and second fluids to the at least one actuator, and 

a pressure sensor fluidly coupled to at least one of the first 
and second variator Switching valves, the pressure sen 
Sor producing a first signal when the first and second 
Variator Switching valves are supplying the first fluid to 
the high side fluid inlet of the at least one actuator and the 
second fluid to the low side fluid inlet of the at least one 
and the pressure sensor producing a second signal dif 
ferent from the first signal when the first and second 
Variator switching valves are supplying the second fluid 
to the high side fluid inlet of the at least one actuator and 
the first fluid to the low side fluid inlet of the at least one 
actuator. 

18. The apparatus of claim 17 further comprising a control 
circuit electrically connected to the pressure sensor, the con 
trol circuit including a memory having instructions stored 
therein executable by the control circuit to monitor operation 
of the pressure sensor and determine that the first and second 
variator switching valves are supplying the first fluid to the 
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high side fluid inlet of the at least one actuator and the second 
fluid to the low side fluid inlet of the at least one actuator when 
the pressure sensor produces the first sensor signal and that 
the first and second variator switching valves are supplying 
the second fluid to the high side fluid inlet of the at least one 
actuator and the first fluid to the low side fluid inlet of the at 
least one actuator when the pressure sensor produces the 
second sensor signal. 

19. The apparatus of claim 18 wherein the first and second 
variator switching valves together define four different oper 
ating states, 

and wherein the instructions stored in the memory further 
include instructions executable by the control circuit to 
control the first and second variator switching valves 
between the four different operational states. 

20. The apparatus of claim 19 wherein the first and second 
Variator Switching valves are configured to supply the first 
fluid to the high side fluid inlet of the at least one actuator and 
the second fluid to the low side fluid inlet of the at least one 
actuator when the first and second variator switching valves 
are in either of two of the four different operating states and to 
supply the second fluid to the high side fluid inlet of the at 
least one actuator and the first fluid to the low side fluid inlet 
of the at least one actuator when the first and second variator 
switching valves are in either of the remaining two of the four 
different operating states. 

21. A method of controlling a variator having at least one 
roller between a first toroidal disk coupled to an input of an 
automatic transmission and a second toroidal disk coupled to 
an output of the transmission and at least one actuator respon 
sive to fluid pressure at separate high side and low side fluid 
inlets thereof to control torque applied by the at least one 
roller to the first and second toroidal disks, the method com 
prising: 

Supplying a first fluid at a first pressure and a second fluid 
at a second pressure less than the first pressure to first 
and second variator switching valves, the first and sec 
ond variator Switching valves each defining two differ 
ent operating states such that the first and second variator 
Switching valves together define four different operating 
States, 

supplying the first fluid to the high side fluid inlet of the at 
least one actuator and the second fluid to the low side 
fluid inlet of the at least one actuator when the first and 
second variator Switching valves are in either of two of 
the four different operational states, and 

supplying the second fluid to the high side fluid inlet of the 
at least one actuator and the first fluid to the low side fluid 
inlet of the at least one actuator when the first and second 
Variator switching valves are in either of the remaining 
two of the four different operational states. 

22. The method of claim 21 further comprising: 
monitoring a pressure associated with at least one of the 

first and second variator Switching valves, and 
determining from the monitored pressure whether the first 

and second variator Switching valves are supplying the 
first fluid to the high side fluid inlet of the at least one 
actuator and the second fluid to the low side fluid inlet of 
the at least one actuator or are supplying the second fluid 
to the high side fluid inlet of the at least one actuator and 
the first fluid to the low side fluid inlet of the at least one 
actuator. 


